Berberis petiolaris Wall. ex G. Don, an unexplored medicinal plant belonging to the family Berberidaceae, is a large deciduous shrub found in Western Himalaya between 1800-3000 m. Chemical profiling of fruit, leaf, root and stem was done by direct analysis in real time mass spectrometry followed by multivariate analysis for discrimination among the plant parts. The bioactive compounds, including magnoflorine, berberine, jatrorrhizine, thalifendine/berberrubine, demethyleneberberine, reticuline, 8-oxoberberine, N-methyltetrahydroberberine, tetrahydropalmatine, tetrahydroberberine and palmatine, were identified by their exact mass measurement and the corresponding molecular formula of each compound. A comparative study of distribution pattern for all these bioactive alkaloids showed qualitative and quantitative variations in different parts of B. petiolaris. Principal component analysis clearly discriminated each part of B. petiolaris plant.
Introduction
Berberis petiolaris (B. petiolaris) is an unexplored deciduous shrub that belongs to the family Berberidaceae found in Western Himalaya between 1800-3000 m. This plant mainly contains different classes of alkaloids [1, 2] , but only berberine, jatrorrhizine and palmatine were previously identified and isolated from B. petiolaris [3] . Decoction of root and stem of the plant is used for the treatment of malarial fever, diarrhea, conjunctivitis, and jaundice [4] . Recent developments in newer ionization methods have made it possible to obtain mass data directly from the plant parts without any sample preparation. Among the methods, direct analysis in real time (DART) is an ambient ionization technique requiring no sample preparation [5, 6] . It is, therefore, an appropriate technique for the rapid chemical profiling of plant species [7, 8] . The aim of present work was to develop a method for identification of biologically active compounds in B. petiolaris directly from intact plant parts. Different parts of the plant such as leaf, stem, root and fruit were screened to study comparative detection of the bioactive compounds in different parts of the plant. Hence, it was decided to profile the chemical constituents using DART time-offlight mass spectrometry (DART-TOF-MS) and to study their variations in different plant parts of B. petiolaris.
Materials and methods
Plant samples of B. petiolaris were collected from Pandukholi forest, Almora Uttarakhand (India) and identified according to the flora of district Garhwal, northwest Himalaya and a forest flora of Kumaon. Herbarium specimen of B. petiolaris (KRA 24410) was housed in the departmental herbarium, Central Drug Research Institute (Lucknow, India). For DART-TOF-MS analysis, intact plant parts were used directly as the samples. The plant samples were thoroughly washed with tap water and distilled water in order to remove any foreign particles attached to their surface and kept in oven to dry at 40°C.
The mass spectrometer was a Jeol the Accu TOF JMS-T100LC atmospheric pressure ionization time-of-flight mass spectrometer (Jeol, Tokyo, Japan) fitted with a DART ion source. The mass spectrometer was operated in positive-ion mode with a resolving power of 6000
Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/jpa www.sciencedirect.com (full-width at half-maximum). The orifice 1 potential was set to 28 V, resulting in minimal fragmentation. The ring lens and orifice 2 potential were set to 13 and 5 V, respectively. Orifice 1 was set to a temperature of 100°C. The RF ion guide potential was 300 V. The DART ion source was operated with helium gas flowing at approximately 4.0 L/min. The gas heater was set to 300°C. The potential on the discharge needle electrode of the DART source was set to 3000 V; electrode 1 was 100 V and the grid was at 250 V. Freshly cuted pieces of plant parts were positioned in the gap between the DART source and mass spectrometer for measurements. Data acquisition was from m/z 10 to 1050. Exact mass calibration was accomplished by including a mass spectrum of neat polyethylene (PEG) glycol (1:1 (Stat Soft Inc., USA) statistical analysis software. This software normalizes observations with respect to mean and variance followed by PCA.
Results and discussion
The identification from direct analysis of pharmaceutical products without any sample preparation is an ultimate achievement in pharmaceutical analysis for quality control and assurance of pharmaceutical products and herbal materials. Screening of bioactive constituents for identification of right selection of plant/parts for better efficacy is important for quality control of herbal products. DART-TOF-MS profiles or fingerprints of different plant parts such as fruit, leaf, root and stem of B. petiolaris were obtained after analysis in the present study. All these plant parts were subjected to DART-TOF-MS analysis under the same conditions. On the basis of literature report [9, 10] and our findings described below, some of the expected phytochemical components in B. petiolaris are shown in Fig. 1 . These components are directly ionized from the plant part during analysis as molecular species in the resulting spectra. For instance, the DART mass spectra of the fruit, leaf, root and stem of B. petiolaris are given in 355) were observed in the DART mass spectra. Thalifendine and berberrubine 1 have the same molecular formula and exact mass. Therefore, they cannot be distinguished on the basis of high resolution mass spectrometry (HRMS). Measured mass, calculated mass [2] and molecular formula [1] obtained from all the above constituents are reported in Table 1 . Reticuline 3 (m/z 330) was not detected in B. petiolaris root or stem but detected in fruit and leaf. However, berberine 4 (m/z 336) was identified only in root and stem according to literature reports from other Berberis species [11] . Similarly, magnoflorine 7 was present in fruit, root and stem but absent in leaf. A peak at m/z 352 [MþH] þ corresponding to 8-oxoberberine 8 and a peak at m/z 352 [M] þ corresponding to palmatine 9 were observed in stem and root but not in leaf or fruit. N-methyltetrahydroberberine 10 (m/z 354) was also absent in the fruit, leaf and stem of B. petiolaris but showed significant presence in the root. DART-TOF-MS analysis of the fruit, leaf, root and stem of B. petiolaris showed differences in their spectra. Maximum abundance of compounds thalifendine/berberrubine 1 (m/z 322), berberine 4 (m/z 336), jatrorrhizine 5 (m/z 338) and N-methyltetrahydroberberine 10 (m/z 354) was observed in root, whereas magnoflorine 7 (m/z 342) showed its maximum abundance in fruit followed by stem. These observations confirmed that results obtained from DART-TOF-MS data were good, and it was the instrument of choice for the screening of natural products. In metabolic profiling, identification of metabolite concentration changes by visual inspection of data is cumbersome and almost impractical for large sample sizes. Therefore, it is necessary to resort to multivariate techniques such as PCA, factor analysis, and partial least squares, which are important and proven techniques for complex data analysis [12] . We selected PCA for dimensionality reduction in an attempt to distinguish characteristic profiles from the DART-TOF-MS data. Accordingly, Fig. 3A shows the PCA plot which discriminates plant parts of B. petiolaris and their score plot (PC1 vs. PC2) obtained is given in Fig. 3B . It can be seen in Fig. 3A that the fruit, leaf, root and stem of B. petiolaris show clustering of the data according to the parts. Fig. 3A shows the distinct collection of PC scores in the biplot. The clustering of scores clearly shows the position of each plant part with a reasonable distance. This indicates that the first two PCs can easily discriminate the plant parts. Similar clustering and differentiation are 
clearly observed for the fruit, leaf, root and stem in Fig. 3B . þ of palmatine were identified as markers for root and stem. This will help with identification and characterization of genuine parts used for drug preparation and the effective quality control and efficacy of drug candidates in future.
